This study examined the effects of monomer composition, original filler content, and application of centrifugal force on the resulting filler loading of composites. Either Bis-MPEPP or UDMA was mixed with TEGDMA at a molar ratio of 1：1. Silane-treated silica (14 -20 wt％) was added to each mixture. After the mixtures were centrifuged and light-polymerized, rate of increase was determined as the filler increment of 2.0-mm-high, disk-shaped sections of specimen when compared against the uncentrifuged filler content. Both the original filler loading and monomer composition influenced the filler content of the centrifuged composites. Fillers in Bis-MPEPP-based composites exhibited a higher rate of condensation after application of centrifugal force than did UDMA-based composites. The results were suggestive of underlying relationships among the composition, component stability, and post-polymerization properties of flowable composites.
INTRODUCTION
The filler loading of conventional, light-cured, resinbased composites utilized in clinical practice are known to have an important role in the mechanical properties of the composites [1] [2] [3] [4] [5] [6] [7] . Recently, total filler content in a composite material has become larger to enhance flexural strength and modulus [1] [2] [3] [4] , hardness 2) , and fracture toughness 2, [5] [6] [7] . Technological developments in the field of dentistry have meant that filler particles added to enlarge filler content have become smaller. Resin composites with smaller filler particles can exhibit a smoother surface than those with larger particles after toothbrush/dentifrice abrasion 8) and finishing/polishing 9) . For dentures, nanocomposite teeth are reported to be harder and more wearresistant than the usual acrylic ones 10) . However, it is generally more difficult to achieve industrial fabrication of highly filled dental composites with smaller filler particles. To date, numerous attempts have been undertaken to prepare such composites 11, 12) . To address this requirement for industrial fabrication, Tanoue et al. designed a light-polymerizing apparatus combined with a centrifuge to increase the filler loading of composites 13) . It was then reported that filler loading could be increased by the application of centrifugal force. In other words, centrifugal force may effectively concentrate the filler particles of a composite material when both the filler composition and monomer have been properly arranged. As such, it is probable that the components of a resin composite would affect filler loading when centrifuged.
Based on the above conjecture, the present investigation aimed to assess the effects of resin monomer and filler content on filler loading of resin composites when centrifuged.
MATERIALS AND METHODS

Materials
Two base monomers were selected for this study: 2,2-bis[(4-methacryloxy polyethoxy)phenyl]propane (Bis-MPEPP) and 1,6-bis(2-methacryloyl-oxyethoxycarbonylamino)-2,4,4-trimethylhexane (UDMA). These monomers were respectively blended with triethyleneglycol dimethacrylate (TEGDMA) at a molar ratio of 1 ：1. To make the materials light-curable, 0.3 wt％ of dl-camphoroquinone (CQ) as the initiator, 0.3 wt％ of dimethylaminobenzoic acid 2-butoxyethyl ester (DMABE) as the co-initiator, and 0.01 wt％ of methylhydroquinone (MEHQ) as the inhibitor, were dissolved in the monomer mixtures. Silane-treated silica (average particle size of 16 nm) was loaded in each mixture, so that its proportion to that of the mixture would be 14, 16, 18, or 20 wt％. Reagents used for the preparation of the composite materials are listed in Table 1 . Table 2 lists the compositions of the materials.
Composite materials were filled into four translucent polypropylene test tubes with an opening of 9-mm diameter until the height of the composite was 10 mm. The test tubes were placed in a centrifugal light-polymerizing unit (Octothunder, Toho Dental Products, Saitama, Japan). This centrifugal polymerizing apparatus consisted of three halogen lamps (150 W each), centrifugal tubes, a speed controller, and switches for rotation and light-exposure time keeping 13) . Tubes filled with the composites were rotated at 1,500 rpm for 120 minutes and irradiated for the final 30 minutes.
Polymerized composite cylinder was removed from the test tube and stored in water at 37 for 24 hours to complete post-irradiation hardening 14, 15) . The composite cylinder was then mounted in a lowspeed saw (Isomet No. 11-1280-170, Buehler Ltd., Lake Bluff, IL, USA) with a diamond wafering blade (No. 11-4244, Buehler Ltd.), and sectioned into disk-shaped specimens of 2.0 mm height from the point end ( Fig. 1 ). All analyses were carried out using SPSS 12.0J for Windows (SPSS Japan Inc, Tokyo, Japan).
RESULTS
For both Bis-MPEPP-and UDMA-based materials, application of Levene's test to the results demonstrated homoscedasticity.
With Bis-MPEPP-based materials, the filler increase rate of Bis-MPEPP-14 was statistically highest (p<0.05) among the four materials. The increments of Bis-MPEPP-18 and Bis-MPEPP-20 were not significantly different. Figure 2 shows the filler increment results of Bis-MPEPP-based materials.
With UDMA-based materials, the filler increase rate of UDMA-14 was likewise statistically highest (p<0.05) among the four materials, although the filler increments of UDMA-16, UDMA-18, and UDMA-20 were not significantly different. Figure 3 shows the filler increment results of UDMA-based materials.
The results obtained showed inhomogeneity. Therefore, for each of the 14, 16, 18, and 20 wt filler contents, the results of Bis-MPEPP-or UDMAbased materials were compared using Mann-Whitney U-test. The filler increments of all Bis-MPEPP-based materials were found to be statistically greater (p<0.05) than those of UDMA-based materials.
DISCUSSION
Resin composites with a large filler content are favorably known to possess adequate physical properties [1] [2] [3] [4] [5] [6] [7] . By virtue of this advantage, high filler loading is highly and widely promoted in the industrial fabrication of resin composites. Heeding this call for high filler loading of resin composites, the centrifugal apparatus used in the current study could concentrate the filler in low-viscosity composites and thereby enhance their hardness values 13) . From the results, the filler loading of centrifuged composites was demonstrated to be affected by monomer type and total filler content. Regarding monomer type, characteristics of the base monomer have an effect on post-curing properties including TANOUE et al. 503 polymerization conversion 16) . Conventional composites commonly include such main monomers as 2,2-bis [4-(2-hydroxy-3-methacryloyloxy-propoxy) phenyl] propane (Bis-GMA), UDMA, Bis-MPEPP, and their variations. In particular, Bis-MPEPP-and UDMAbased resins have recently been increasingly used as restorative/prosthetic materials 15, 17, 18) . In the present study, we evaluated the influence of Bis-MPEPP and UDMA on filler loading of resin composites when combined with a centrifuge. TEGDMA was equally mixed with both Bis-MPEPP and UDMA monomers. It should be mentioned that the amount (rate) of TEGDMA to UDMA has a significant effect on the mechanical properties of the resin 19) .
Muller et al. indicated that comonomer compositions including TEGDMA greatly influenced the degree of polymerization of the composite material 20) . In the present study, the diluent TEGDMA decreased the viscosity of the mixture and aided incorporation of the filler particles. UDMA, with a molecular weight of 498.64, is an acyclic hydrocarbon. It is a rigid and viscous material that often requires the addition of a co-monomer. Bis-MPEPP, with a molecular weight of 478 when the relative concentration of ethoxy radical is averaged, is an aromatic compound and has a lower viscosity than UDMA. One of the reasons why Bis-MPEPP-based mixtures exhibited higher increase rates than did UDMA might arise from the different viscosities of the two base monomers. The intrinsic viscosity of UDMA monomer at 23 was 7.054 Pa s 22) , while that of Bis-MPEPP at 25 was 0.850 Pa s (manufacturer's information). Taylor et al. reported that a monomer with low viscosity could accept a large amount of filler and that a sufficiently filled composite showed adequate mechanical properties 21) . Therefore, in fabricating composite materials using a centrifuge, a low -viscosity base monomer should be selected to enable the concentration of filler particles. This also meant that the viscosity of a resin composite controls the flow properties and has a significant effect on monomer deployment 22) . We also evaluated the influence of total filler content. In the case of binary mixtures of spherical fillers, the mechanical properties of the composite are known to increase as the mixing ratio increases when filler size is relative large 23) . Nevertheless, for this experiment, the average filler particle size (diameter) was standardized at 16 nm, since the initial purpose of this experiment was to fabricate highly nanofilled composites. This was so chiefly because nanofilled composites have been shown to be effective in both experimental and clinical situations 24) . It should also be mentioned that Tanimoto et al. reported that some properties of composites, such as flexural strength, decreased with increasing filler particle size 25) . On this account, 16-nm-diameter filler was therefore selected, although microfilled and hybrid composites are in mainstream utilization and application today.
Centrifuged filler increments were influenced not only by the formulation of the monomer but also by the filler content. According to the manufacturer, the silanol radical on the filler surface affects the rheology of the mixture. Although the filler shows sufficient dispersion in the monomers, trifling addition of filler prevents cohesion and improves fluidity while the existence of a large number of filler decreases mixture fluidity. The results showed that centrifugal force was significantly effective for filler loading when there was a lower filler content in the composite.
The distance between fillers of the uncentrifuged composite with a lower content might be large enough to be easily concentrated by centrifugal force.
When the unpolymerized resin composite is centrifuged in the unit used, the amount of filler increased by accumulation at the bottom of test tube and decreased upward continuously 13) . In the present study, the greatest increase in filler rate was no more than 104.04
for Bis-MPEPP-14. This result clearly indicated the difficulty involved in centrifugal fabrication of highly nanofilled composite materials. It should be highlighted that the total filler content assessed in this study was merely 14 20 wt , whereas composite materials for clinical use include larger amounts of filler particles. In general, the effect of filler size on viscosity increases with increasing filler content 26) . To centrifugally fabricate a composite with mechanical properties tailor-made to specific applications by a specific combination of the components, an industrial centrifugal apparatus should indeed be developed so that the force can be easily multiplied.
In conclusion, the effects of base monomer and filler content on the filler loading of centrifuged composites were determined. Moreover, a method for the fabrication of highly filled composites using centrifugal force was established. For future preparations of highly nanofilled composites, a more industrial approach will be needed.
